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Abstract 
Fe3Si/FeSi2 superlattices were prepared on Si(111) by facing targets direct-current sputtering, and current-induced magnetization 
switching in current-perpendicular-to-plane (CPP) geometry was studied for the antiferromagnetically coupled films. The 
electrical resistance was alternatively changed for the injected current. The large and small vales were in agreement with those of 
the films with antiferromagnetic and ferromagnetic interlayer-couplings. The change in the electrical conductivity for the injected 
current should be due to the change in the interlayer coupling. Under a magnetic field, the electrical resistivity was hardly 
changed for the injected current since the interlayer-coupling is fixed to be ferromagnetic. 
© 2010 Published by Elsevier B.V. 
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1. Introduction 
Interlayer couplings between ferromagnetic layers separated by nonmagnetic metal and insulator spacer layers 
have been investigated to a large extent since they can induce spin-dependent scattering of conduction carriers and 
spin-dependent tunnelling, which are exploited for giant magnetoresistance (GMR) [ 1 ] and tunnel 
magnetoresistance (TMR) [2] effects, respectively. Recently current-induced magnetization switching (CIMS) has 
become a hot topic since a magnetic field is not required to be applied to change the magnetization of ferromagnetic 
layers. The CIMS phenomena has been observed in GMR films [3,4] and magnetic tunnel junctions [5,6]. 
Fe-Si system has various phases such as the ferromagnetic Fe3Si, semiconducting ȕ-FeSi2, amorphous and 
nanocrystalline (NC) FeSi2, and nonmagnetic metallic FeSi. To date, the Fe/Si [7], Fe/Fe-Si [8,9] and Fe/Fe1-xSix
[ 10 ] superlattices have been studied. We have adopted Fe3Si and NC-FeSi2 for the ferromagnetic and 
semiconducting layers respectively for fabricating superlattices [11]. This combination has the following merits: (i) 
the electric conductivity mismatch in this combination is within an order of magnitude; and (ii) contribution of d-
electrons to the electrical conduction in both layers. The merit (i) is favourable for forming multi-layered films in 
current-perpendicular-to plane (CPP) geometry. As compared to the metallic CPP GMR films wherein the electrical 
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resistance is comparable to the contact resistance of electrodes and its change is difficult to be detected, the change 
in the electrical resistance caused by the magnetization switching, for example from antiferromagnetic (AF) to 
ferromagnetic (F) interlayer-coupling, is expected to be obviously detected. 
In our previous study, we have confirmed that ferromagnetic/antiferromagnetic interlayer couplings were 
induced in [Fe3Si/NC-FeSi2]20 superlattices by controlling a thickness of the NC-FeSi2 layers, and the electrical 
resistance in current-in plane (CIP) geometry obviously changed corresponding to the interlayer coupling switching 
[11]. They showed small magnetoresistance ratios. In the CIP superlattices, the electrical conductivity mismatch 
between Fe3Si and NC-FeSi2 worked against the MR ratio. 
In this study, we prepared CPP superlattices comprised of Fe3Si and NC-FeSi2 layers, and studied the current-
induced magnetization switching (CIMS). The MR ratio was dramatically enhanced as compared to that of the CIP 
superlattices, and the CIMS was observed. 
2. Experiments 
Superlattices with the following layered structure: Fe3Si (10 nm)/[Fe3Si (2.5 nm)/NC-FeSi2 (0.75 nm)]19/NC-
FeSi2 (0.75 nm)/Fe3Si (10 nm)/Si(111) (500 Pm) were deposited by facing targets direct-current sputtering (FTDCS). 
Figure 1 exhibits the optical micrograph and schematic of the CPP superlattice. At first the 10-nm Fe3Si layer was 
deposited on the Si(111) substrate using a mask with a line-width of 0.2 mm, and the sample was temporally moved 
to the air in order to change the mask position. After the sample being dipped into a dilute hydrofluoric acid (HF) 
solution (concentration: 1%) and rinsed with deionized water, it was mounted in the FTDCS apparatus together with 
the mask. After that, Fe3Si (10 nm)/[Fe3Si (2.5 nm)/NC-FeSi2 (0.75 nm)]19/NC-FeSi2 (0.75 nm) layers were 
successively deposited in the same manner as the previous study [11]. All the depositions were carried out at a 
substrate-temperature of 300 qC [12]. The base pressure was lower than 2×105 Pa and the film deposition was 
carried out at 1.33×101 Pa. The crystalline structure was characterized by x-ray diffraction (XRD) using Cu KĮ
radiation. The magnetization curves were measured at room temperature using a vibrating sample magnetometer 
(VSM), and the CPP CIMS and magnetoresistance were measured by a four probe method. 
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Fig. 1 An optical micrograph and schematic of a CPP superlattice. 
3. Results and Discussion 
Figure 2 shows the 2ș-ș XRD patterns of the superlattice. The diffraction peaks of Fe3Si-222 and 220 were 
observed. A pole-figure concerning the Fe3Si 422 plane with a rotation axis of Fe3Si [222] is shown in the inset. It 
was confirmed that 222-oriented crystallites were ordered also in-plane to the Si(111) substrate. The Fe3Si-220 peak 
was attributed to non-oriented crystallites. From these results, we confirmed that the Fe3Si layers are partially 
epitaxially grown from the first layer on Si(111) up to the top layer across the NC-FeSi2 layer with the same 
orientation relationship as that in the first layer [11]. The imperfect epitaxial growth might be because the sample 
was exposed to air during the preparation.  
The magnetization curves measured at room temperature is shown in Fig. 3. External magnetic fields were 
applied in directions in the plane. Here, since the magnetic anisotropy of Fe3Si is negligibly small, the direction in 
the plane was not precisely determined. The magnetization curve showed a typical shape of a superlattice with an 
antiferromagnetic interlayer coupling.  
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The change in the electrical resistance for the injection current was investigated. A typical result was shown in 
Fig. 4. The loop was measured at an injection current of –10 mA, and after that the current was changed as arrows in 
the figures. As shown in Fig. 4(a), an obvious hysteresis loop was observed for the injection current. The electrical 
resistivity was critically increased at an injection current of approximately 8 mA. Similarly, a critical drop in the 
electrical resistivity occurred at 8 mA. Under no applied magnetic field, there are two distinctive electrical 
resistance values. Since the large and small values were respectively in agreement with the electrical resistivities of 
the films with antiferromagnetic and ferromagnetic interlayer-couplings, the change in the electrical conductivity for 
the injection current should be responsible for the switch in the interlayer coupling. The origin of the switch might 
be spin transfer torque which is caused by the electric current flowing perpendicular to the interfaces [4,13]. As 
shown in Fig. 4(b), under an applied magnetic field of 10 kOe, the electrical resistivity was hardly changed, which 
implies that the interlayer coupling was fixed to be ferromagnetic by the magnetic field.  
Here, we emphasize that the injection current for switching is not constant but changeable in a wide range. It 
has been reported that the injection current for magnetization switching has a changeable grey range for other 
systems [14]. We believe that these might be the same kind of phenomena. In our present sample, since they were 
fabricated by the simple mask method, the junction is not of simple CPP structure. The current flow path is not only 
the region wherein the rectangular films cross. The details concerning the injection current for magnetization 
switching will be precisely investigated for the samples that are going to be structurally modified by employing a 
lithography technique.  
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Fig. 2 2ș-ș XRD patterns of an Fe3Si/NC-FeSi2 superlattice. The inset shows the pole-figure pattern. 
–10000 0 10000
–1
0
1
H (Oe)
M
/M
s
Fig. 3 An in-plane magnetization curve of a superlattice. 
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Fig. 4 Change in the electrical resistance of a CPP superlattice with the injected current at applied magnetic fields of 
(a) zero and (b) 10 kOe. 
4.  Conclusion 
CPP-Fe3Si/NC-FeSi2 superlattice were prepared on Si(111) at a substrate-temperature of 300C by FTDCS 
with mask method. The Fe3Si layers are partially epitaxially grown from the first layer on Si(111) up to the top layer 
across the NC-FeSi2 layer with the same orientation relationship as that in the first layer. The CIMS measurement 
was examined for the AF-coupled superlattice. The electrical resistance was alternatively changed for the injected 
current. The large and small vales were in agreement with those of the films with antiferromagnetic and 
ferromagnetic interlayer-couplings. The change in the electrical conductivity for the injected current should be due 
to the change in the interlayer coupling. Under a magnetic field, the electrical resistivity was hardly changed for the 
injected current since the interlayer-coupling might be fixed to be ferromagnetic. The injection current for switching 
is not constant and it seems to have a wide grey zone wherein the switching does not always occurs.  
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